Introduction
============

Maintaining adequate pupil dilation is crucial for successful surgical outcomes in cataract and intraocular lens replacement surgery. Intraoperative miosis can affect visualization of the surgical field; increase the risk of complications, inflammation, and postoperative pain; and reduce patient satisfaction.[@b1-opth-11-1039] Failure to maintain an adequate pupil diameter can increase the difficulty of the procedure and increase the risk of intraoperative and postoperative complications.[@b2-opth-11-1039] Intraoperative pupil constriction can make every step of a cataract procedure more challenging and problematic by limiting the size of the capsulorhexis, increasing the risk of iris injury, and reducing visualization for phacoemulsification and lens implantation.[@b3-opth-11-1039] Maintenance of mydriasis throughout surgery to allow for better visualization of the surgical field and a greater working area within the pupil is crucial for successful surgical outcomes.[@b4-opth-11-1039] Postoperative pain is associated with clinical outcomes and patient well-being, preventing or reducing postoperative pain can improve patient satisfaction.[@b1-opth-11-1039],[@b2-opth-11-1039] Reduction of postoperative pain is important because patient expectations are high in modern cataract surgery and ocular pain, and discomfort represents a common cause of patient dissatisfaction.[@b5-opth-11-1039]

Preoperative topical mydriatic drops are standard for pupil dilation in cataract surgery. The initial effect achieved by topical mydriatics, however, may not be sustained throughout the procedure.[@b2-opth-11-1039] Even with the use of topical mydriatic drops, intraoperative miosis due to the release of prostaglandins in response to surgical trauma may still occur.[@b6-opth-11-1039] The preoperative use of topical nonsteroidal anti-inflammatory drugs (NSAIDs) can improve maintenance of the intraoperative pupil diameter and reduce postoperative discomfort.[@b6-opth-11-1039] Topical and intracameral NSAIDs can contribute to the maintenance of dilation by blocking the miotic effects of prostaglandins released during cataract surgery. However, topical drugs and their effects can be washed out of the anterior chamber by irrigating solutions.[@b2-opth-11-1039],[@b7-opth-11-1039]

If dilation cannot be achieved and maintained with medications alone, pupil expansion devices, such as the Malyugin Ring (MicroSurgical Technology, Redmond, WA, USA), are available to maintain dilation. Pupil expansion devices provide good dilation and iris stabilization while minimizing pupil distortion and iris damage.[@b8-opth-11-1039] Patients with Intraoperative Floppy Iris Syndrome (IFIS) may experience progressive pupillary constriction during surgery, and pupil expansion devices are a good option when treating small pupils due to IFIS.[@b8-opth-11-1039] However, these devices add time, complexity, and cost to the surgical procedure and can traumatize the iris, which, in turn, increases postoperative inflammation.[@b6-opth-11-1039]

Intracameral mydriatics increase pupil dilation without causing measurable ocular side effects or influencing the phacoemulsification process negatively.[@b1-opth-11-1039] They may also improve operating conditions in complicated cataract surgeries, including those with IFIS, by stabilizing the iris during surgery.[@b1-opth-11-1039] The intracameral NSAID in the phenylephrine and ketorolac injection 1%/0.3% can reduce inflammation by decreasing prostaglandin production, thereby preventing intraoperative miosis and reducing postoperative pain.[@b9-opth-11-1039]

The phenylephrine and ketorolac injection 1%/0.3% (Omeros Corporation, Seattle, WA, USA) is a drug product added to the ophthalmic irrigation solution and indicated for maintaining pupillary dilation size by preventing intraoperative miosis and for reducing postoperative pain.[@b9-opth-11-1039] Phenylephrine and ketorolac 1%/0.3% can be delivered by intracameral injection prior to performing the capsulotomy and by continuous irrigation throughout the procedure. The injection is prepared after dilution in the irrigation solution. The two active pharmaceutical ingredients, phenylephrine and ketorolac, act to maintain pupil size by preventing intraoperative miosis and by decreasing prostaglandin production.[@b9-opth-11-1039] Phenylephrine HCl is an α~1~-adrenergic receptor agonist and, in the eye, acts as a mydriatic agent by contracting the radial muscle of the iris, resulting in pupil dilation.[@b9-opth-11-1039] Ketorolac tromethamine is an NSAID that inhibits both cyclooxygenase enzymes (COX-1 and COX-2), resulting in a decrease in tissue concentrations of prostaglandin to reduce pain due to surgical trauma.[@b9-opth-11-1039] Ketorolac, by inhibiting prostaglandin synthesis secondary to ocular surgical insult or direct mechanical stimulation of the iris, also prevents surgically induced miosis.[@b9-opth-11-1039] The phenylephrine and ketorolac injection 1%/0.3% is delivered by either intracameral injection prior to performing the capsulotomy or as an anterior chamber irrigation throughout the surgical procedure. Intraocular tissues receive continuous exposure to the pharmacological effects of phenylephrine and ketorolac.[@b2-opth-11-1039]

The objective of this study was to evaluate whether the use of phenylephrine and ketorolac injection 0.01%/0.3% as a dilute intracameral injection, prior to application of a viscoelastic in preparation for the capsulotomy, decreases the need to use a Malyugin Ring for a small pupil during cataract surgery.

Methods
=======

This study was a retrospective surgical chart review of 1,919 cataract surgeries over two time periods (December 2013 to February 2015 and June 2015 to April 2016) performed at a single center by one surgeon. The study was a purely retrospective analysis and did not require approval from an institutional review board, and the Declaration of Helsinki does not apply. All patient data were deidentified and kept confidential. No identifiable patient data were collected.

A chart review was performed on a historical control group of 1,004 consecutive cases who did not receive phenylephrine and ketorolac 1%/0.3% and on a treatment group of 915 consecutive cases who did receive phenylephrine and ketorolac 1%/0.3% as an intracameral injection. Intracameral injections of epinephrine were selectively used in control group cases with IFIS or poorly dilating pupils as determined by the judgment of the surgeon. Intracameral injections of epinephrine in the control group, and of phenylephrine and ketorolac 1%/0.3% in the treatment group, were performed just prior to use of a viscoelastic in preparation for the capsulotomy (just prior to the decision point regarding use of a Malyugin Ring). The number of times the Malyugin Ring was used during the control cases was recorded. In the treatment group, 4 mL of the phenylephrine and ketorolac injection 1%/0.3% was diluted in a 500 mL sterile balanced salt solution (BSS). Approximately 2 mL was drawn from the 500 mL bottle with phenylephrine and ketorolac 1%/0.3% to prepare the intracameral injection given just prior to adding the viscoelastic and performing the capsulotomy. The intracameral injections of epinephrine were not used in the treatment group. The number of times the Malyugin Ring was used during the treatment cases was recorded. Data were collected on how often the femtosecond laser was used in both groups. The frequency of the Malyugin Ring use for the femtosecond laser control and treatment groups was also recorded. The percentage of patients using an alpha-1 blocker and their incidence of Malyugin Ring use were compared between both groups.

Identical preoperative treatments for cataract surgery (antibiotic, NSAID, and steroid drops four times daily for 3 days prior to surgery) were used in both the control and treatment groups. In addition, patients received topical dilating drops (tropicamide 1%, cyclopentolate 1%, and phenylephrine HCl 2.5%) and topical anesthetic drops on the day of surgery. The same viscoelastic agent was used for all patients during surgery. All patients underwent surgery at the same facility by the same surgeon.

Statistical analysis
--------------------

Data analysis was performed using Excel software (Microsoft Corp.). A one-tailed *t*-test with alpha =0.05 was used to perform statistical analysis of the differences in the frequency of use of the Malyugin Ring between the control and treatment groups. A *P*-value of \<0.05 was considered statistically significant.

Results
=======

Data from 1,919 cases performed during two different time periods were reviewed. Demographic characteristics were similar across all cases with no clinically meaningful differences between the control and treatment groups ([Table 1](#t1-opth-11-1039){ref-type="table"}). In the 1,004 consecutive historical control group cases performed between December 2013 and February 2015 without the use of the phenylephrine and ketorolac injection 1%/0.3%, the surgeon chose to use the Malyugin Ring 79 times (7.87%). The surgeon selectively used intracameral injections of epinephrine in the control group 64 times (6.47%). In 915 consecutive treatment group cases performed between June 2015 and April 2016 with the use of a phenylephrine and ketorolac injection 1%/0.3%, the surgeon chose to use the Malyugin Ring 27 times (2.95%). The frequency of use of the Malyugin Ring was significantly lower in the treatment group relative to the frequency in the control group (*P*\<0.001) ([Figure 1](#f1-opth-11-1039){ref-type="fig"}).

There was no significant difference in the percentage of cases in which a femtosecond laser was used during the surgery (151 \[15.04%\] times in the control group versus 149 \[16.28%\] times in the treatment group). However, of the 151 femtosecond laser patients in the control group, 4 (2.65%) patients required the use of a Malyugin Ring versus none of the 149 patients in the treatment group. There were 49 patients in each group with a history of alpha-1 blocker use (4.88% in the control group and 5.67% in the treatment group). A statistically significant difference in Malyugin Ring use was detected (*P*=0.05) with 12 (24.49%) rings required in the control group and 6 (12.74%) rings used in the treatment group. The sex breakdown of Malyugin Ring use for each group was also not significantly different. In all, 48 males (60.76%) and 31 females (39.24%) required Malyugin Rings in the control group, while 17 males (62.96%) and 10 females (37.04%) needed a Malyugin Ring in the treatment group.

Discussion
==========

Adequate mydriasis during cataract surgery is critical for preventing intraoperative complications and improving postoperative outcomes. An adequately dilated pupil facilitates visualization throughout the surgical procedure. To achieve mydriasis and control of inflammation during cataract surgery, topical and/or intracameral agents have been used to dilate the pupil and to control postoperative pain and inflammation.[@b1-opth-11-1039] However, topical mydriatics, viscomydriasis, mechanical devices, and off-label intracameral injections have their limitations.[@b10-opth-11-1039] When the phenylephrine and ketorolac injection 1%/0.3% is administered, ocular tissues are exposed to a constant concentration of the active ingredients, phenylephrine, and ketorolac.[@b11-opth-11-1039] Use of the Malyugin Ring can increase the time, cost, and risks of cataract surgery. The results of this study suggested that the antimiotic and anti-inflammatory effects of the phenylephrine and ketorolac injection 1%/0.3% significantly reduced Malyugin Ring usage and associated facility costs. Although it could be argued that considerable cost savings are realized by decreasing complications and decreasing surgical time, it would be difficult to quantify objectively. However, it is clear that 52 fewer Malyugin Rings were used in the treatment group for a similar number of surgical cases. Malyugin Rings are sold for \$125 per unit, thus a cost savings of \$6,500 was realized from the decreased use of rings in the treatment group compared to the control group.

Analysis of the alpha-1 blocker and femtosecond patient subgroups further supports the benefits of the phenylephrine and ketorolac injection 1%/0.3% for inhibiting miosis and decreasing inflammation. In the alpha-1 blocker subgroup of control patients, the incidence of Malyugin Ring use is threefold greater (24.49%) than that in the entire control group. Consistent with the overall results of the study, we observed that the incidence of Malyugin Ring use in the alpha-1 blocker patients in the treatment group was reduced by half (12.74% vs 24.49%) compared to that in the control group. The femtosecond laser procedure at the time of cataract surgery has been shown to increase the release of prostaglandins, resulting in an increase in inflammation and miosis.[@b12-opth-11-1039] Analysis of the femtosecond subgroup of patients also supports the overall findings of our investigation. Four patients of the 151 femtosecond patients in the control group required a Malyugin Ring, while none of the 149 patients in the treatment group needed a ring. The low incidence of Malyugin Ring use in femtosecond patients, in general, reflects the surgeon's preference to avoid femtosecond laser treatment in patients with relatively poor preoperative dilation. Despite the overall lower incidence of Malyugin Ring use in the femtosecond patients, because of surgeon preference, the incidence of zero Malyugin Rings in the treatment group versus four rings (2.65%) in the control group strongly suggests a clinical benefit for femtosecond patients when receiving the phenylephrine and ketorolac injection 1%/0.3%.

Conclusion
==========

The frequency of use of the Malyugin Ring was significantly reduced (*P*\<0.001) from 7.87% to 2.95% with the phenelphrine and ketorolac 1%/0.3% treatment. These results strongly suggest that the antimiotic/anti-inflammatory effects of this phenyl/keto injection reduced facility costs, surgical time, and other complexities related to the use of the Malyugin Ring during phacoemulsification.

What was known
--------------

-   Previous studies that did not include patients at risk for IFIS and did not include patients who underwent cataract surgery with the use of a femtosecond laser demonstrated that the phenylephrine and ketorolac injection 1%/0.3% was superior to placebo in maintaining pupil diameter, preventing pupil constriction, and reducing acute postoperative ocular pain.[@b2-opth-11-1039]

What this article adds
----------------------

-   Use of the intracameral phenylephrine and ketorolac injection 1%/0.3% in a broad range of patients undergoing cataract surgery significantly reduced the frequency of use of the Malyugin Ring to manage small pupils.

-   Use of the phenylephrine and ketorolac injection 1%/0.3% also reduced facility costs related to Malyugin Ring use and associated patient risks of intraocular complications.
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###### 

Demographic characteristics of control and treatment groups

  --------------------------------------------------------------------------------
  Characteristics                              Control group\   Treatment group\
                                               (n=1,004)        (n=915)
  -------------------------------------------- ---------------- ------------------
  Age                                                           

   Mean ± SD                                   68.34±10.4       68.23±9.95

   Median                                      68               69

   Min, max                                    32, 94           25, 95

  Sex, n (%)                                                    

   Male                                        473 (47.1)       387 (42.3)

   Female                                      531 (52.9)       528 (57.7)

  Race, n (%)                                                   

   American Indian or Alaska Native            0 (0)            0 (0)

   Asian                                       4 (0.4)          2 (0.2)

   Black or African American                   18 (1.8)         7 (0.8)

   Native Hawaiian or other Pacific Islander   0 (0)            0 (0)

   White                                       982 (97.8)       906 (99.0)
  --------------------------------------------------------------------------------

**Note:** Treatment = phenylephrine and ketorolac injection 1%/0.3%.

**Abbreviations:** min, minimum; max, maximum; SD, standard deviation.
